The echocardiographic features of endocardial cushion defects were defined in 28 patients. Two basic characteristics, common to both complete and incomplete forms of endocardial cushion defects, were found. First, the mitral valve excursion was not seen best in the usual location as defined by intraventricular landmarks. Secondly, the mitral valve echoes in cases where there are dense attachments of the mitral leaflet to the crest of the interventricular septum may be traced to the rightward and anterior border of the left ventricular outflow tract. This is the echocardiographic representation of the characteristic "goose-neck" deformity seen angiographically.
ECHOCARDIOGRAPHY has been well established as a noninvasive tool in the diagnosis of congenital heart dieease.'--3 Although endocardial cushion defects (ECD) occur with a frequency of approximately 3% of all congenital cardiac malformations,4 echocardiographic descriptions in the literature are scanty and limited to the discussion of atrial septal defect 10 (ASD 10), the incomplete form of ECDA6
Due to the advances in surgical techniques, it has become increasingly important to distinguish with certainty patients with ASD 10 from those with complete A-V canal defects (CAVC). In this report we describe features common to the general classification of ECD as well as specific findings in those patients with CAVC. 16 years. Sixteen patients had CAVC and 12 an ASD 10. Seven of the patients had Down's syndrome (Trisomy 21) .
Each patient had typical clinical and electrocardiographic findings of ECD. 4 In addition, cardiac catheterization and left ventricular angiography confirmed the diagnosis in each case by catheter passage, goose-neck deformity of the mitral valve, and the scalloped right border of the left ventricular outflow tract during systole. In addition to the angiographic appearance, the presence of pressure equalization between the two ventricles was required for the diagnosis of CAVC. Further anatomic detail was obtained in nine patients at corrective surgery and in one other at post mortem examination. To define the precise spatial relationship between the A-V valves and ventricular landmarks, 30 pathological specimens of ECD were examined in detail.
Echocardiograms were performed with a Hoffrel model lOiB ultrasonoscope using either an Aerotech 5.0 MHz transducer with a 14 inch active diameter (in neonates and small children) or a Hoffrel 3.25 MHz transducer with an active diameter of %38 inch. The echocardiographic signal was relayedto either a Cambridge Fiberoptic multichannel recorder or photographed on 35 mm film.
The transducer was placed at the mid-left sternal border until echoes from the left ventricular septum and left ventricular posterior wall were displayed. The anterior leaflet of the mitral valve was located by systematically moving the transducer superiorly and inferiorly from the second to the fifth left intercostal spaces in a progressively leftward direction. In older patients the tricuspid valve (TV) was most often recorded at the left lower stemal border. In small infants, however, it was often possible to obtain optimal TV echoes from a mid-sternal position or even at the right sternal border. In one patient with CAVC, the Circulation, Volume XLIX, March 1974 origin of the TV eclho xvas confirmed att cardiac catheterization using a technique similar to that described by Gramiak7 witlh a power injection of 5% dextrose in 0.2% of NaCI into the right ventricle while echoes from the TV were recorded. Denise echoes produced by the cavitatioin effect of the injected solution filled the area between the valve echo and the anterior heart border.
Results
Characteristically, optimal mitral valve echoes in patients with ECD are not displayed in the usual location, position 2 of FeigenbaumrA Although echoes from the mitral valve may be registered by scanning the area in which septal and left ventricular posterior wall echoes are found, the valve is usually seen only during systole and early diastole, moving out of the transducer beam for much of mid and late diastole ( fig. 1 ). This feature was present to a varying degree in 23 of 28 patients, most prominently in those with CAVC and least obviously in those with ASD 10 without severe mitral regurgitation. As the transducer beam is directed in a superior and medial direction toward the left ventricular outflow tract, the anterior leaflet of the mitral valve echo is traced in a progressively more anterior direction until it forms the anterior border of the aortic root ( fig. 2 ). This finding was not appreciated in most of the earlier studies, recorded on 35 mm film but was quite evident in six of seven patients studied with a strip chart recorder.
In 14 of 28 patients, echoes of the anterior leaflet of the mitral valve could also be traced superiorly to a typically appearing mitral valve ring ( fig. 3 ). W~.
, -i o_ --Again, the patients in whom this feature was not recorded were studied without benefit of a strip recorder.
In patienits with CAVC, two additional specific patternis of valve miotioni were observed. In pattern I ( fig. 4 ), seen in ten of 16 patients, during systole the anterior leaflet of the tricuspid valve and anterior leaflet of the mitral valve were seen close together in the plane of the interventricular septum. With the onset of diastole, the leaflets move apart, the tricuspid anteriorly, with a broad excu1rsion into the right ventricle, and the mitral valve posteriorly into the left ventricle with a somewhat damped motioni and short over-all excursion (less than 1 cm). Absence of ventricular septal echoes betweeni the two valve leaflets in diastole was noted. During systole, multiple echoes, probably representing redundant valve tissue, were seen associated with the central location of the valve leaflets.
In seven of 16 patients with CAVC, an unusual pattern of A-V valve motion could be seen (Pattern 5 ). By scanning superiorly, it was possible to demonstrate that this valve leaflet was continuous with the mitral valve ring. By scanninig inferiorly echoes from the valve leaflet were lost as the initerventricular septum came into view.
The patients in whom this pattern was seen appeared to have a common A-V valve by angiography.
Patterns I and II were present only in patients with CAVC. On one patient with CAVC, both patterns could be demonstrated.
Discussion
In a recent radiologic review by Baron,9 the anatomic features of ECD were discussed. He described the attachment of the anterior leaflet of the mitral valve to the crest of the interventricular septum. The superior anid inferior segments of the cleft anterior leaflet of the mitral valve were shown to form the right border of the left ventricular outflow tract (LVOT) during systole, taking the place normally occupied by the atrioventricular septum. With diastole, both segments swing independently into the left ventricular cavity. In addition, our own review of the anatomy of ECD showed that the superior segment is stretched out like a sail across the left ventricular body with normal attachment superiorly and laterally to the mitral valve ring as well as abnormal attachment to the crest of the interventricular septum. The result of these attachments is that the superior segment of the anterior leaflet of the mitral valve moves in a plane that is roughly parallel to the ventricular septum rather than perpendicular to it as in the niormal heart ( fig. 6 ). During diastole it moves superiorly, raising the "floor" of the LVOT and forming the characteristic "goose-neck" deformity seen in the angiocardiogram of these patients. It is the result of this abnormal orientation of the anterior leaflet of the mitral valve that echoes from this structure were not usually found in the normal position. The best echoes of the anterior leaflet of the mitral valve were recorded instead from the area of the LVOT. The above diagrammatic sketch shows the position and attachmentts of the ALMV (dark shaded area). One can see that the ALMV is attached abnormally to the interventricular septum (IVS) as well as normally to the mitral valve ring in patients with ECD. A cleft separates the ALMV into superior and inferior portions. White arrows show the resulting direction of mitral valve movement. Tethered between its attachments to the IVS medially, the MVR superiorly, and the antero-lateral papillary muscle laterally, the superior segment of the ALMV lifts upward into the left ventricular outfloW tract during diastole, forming the typical goose-neck deformity seen by angiography. Contrasted to this is the motion of the normal ALMV relatively perpendicular to the IVS.
Circulation, Volume XLIX, March 1974 septum during systole. With the onset of diastole, these leaflets moved apart into their respective anterior and posterior ventricles. Careful examination, with a probe simulating the ultrasonic beam, of the single autopsy specimen of a patient in whom this feature was recorded suggested that the portions of the A-V valves most likely to create this pattern were the anterior leaflet of the tricuspid valve and the inferior segment of the cleft anterior leaflet of the mitral valve. In some patients with CAVC, the superior segment of the anterior leaflet of the mitral valve is continuous with the anterior leaflet of the tricuspid valve through the ventricular septal defect, forming a common anterior leaflet. In patients with a Pattern II echocardiogram, a single A-V valve could be seen moving from a posterior position in the left ventricle during systole to an anterior position in the right ventricle in diastole. Upon review of the anatomy, it would seem impossible for any portion of the common anterior leaflet to move from the left ventricle into the right ventricle since the plane of motion is parallel to the ventricular septum, not perpendicular to it, and because there are attachments of the leaflet in both ventricles. The mechanism postulated for this finding is shown in figure 7 . The ultrasonic beam intersects the common anterior leaflet in the left ventricle during systole when it is in its closed posterior position. As the valve opens in diastole, the leaflet moves superiorly. As this occurs, the ultrasonic beam crosses the leaflet in progressively anterior positions until, in its fully open position, the beam intercepts the common leaflet well anteriorly in the right ventricle. In a sense, the transducer beam is held in one position while the common anterior leaflet is "scanning itself." An objection to this theory is the theoretical consideration that echoes only return from surfaces nearly perpendicular to the ultrasonic beam. We postulate that while the major axis of the leaflet is not perpendicular to the beam from the transducer, the nodular, redundant leaflet provides sufficient surfaces that are perpendicular to the beam.
Conclusions
Because of the abnormal orientation and chordal attachments of the anterior leaflet of the mitral valve to the ventricular septal crest in ECD, its resultant motion during the cardiac cycle is in a plane which is roughly parallel to that of the intact ventricular septum rather than perpendicular to it as is normally the case. As a result, echoes from the anterior leaflet of the mitral valves are not usually seen best in the usual transduced position which displays ventricular septal and left ventricular posterior wall echoes, but can be traced to where they form the rightward anterior border of the left ventricular outflow tract.
In patients with a large ventricular septal defect component (CAVC), two characteristic patterns of valve motion were seen. In one, the anterior leaflet of the tricuspid valve and the anterior leaflet of the mitral valve could be seen moving apart in diastole and returning to a central position in the plane of the interventricular septum during systole. The interventricular septum was not identified between them. In the other pattern, there appeared to be a common anterior leaflet which "scanned itself' during the cardiac cycle, giving a single A-V valve echo with an apparent large excursion. Figure 7 The transducer beam (stippled area) is represented as it crosses the common anterior leaflet in its posterior systolic position and its anterior diastolic position. Although the movement of the valve is not in the direction of the transducer, there is an apparent motion in that direction as the beam slides along the surface of the leaflet.
